1. Introduction.-Since its discovery in 1960 (1), the parametric array has been researched and developed predominantly in underwater acoustics. Only a few papers dealing with experiments in air have appeared in the archival literature (2-5). The not application of parametric arrays to air acoustics problems has been received with skepticism (6).
The purpose of the present paper is to expand the present knowledge of parametric experiments in air with a view toward assesing the potential of possible practical applications.
The parametric array generates a narrow, lowfrequency sound beam with no side lobes through the nonlinear interaction of intense high-frequency radiations emitted from a small primary sound source. Three general types of parametric arrays have been identified and discussed in some detail (7). Each has its own characteristics and special theoretical models. Their distinction is based on the relative size and shape of the interaction region.
I.' Experimental illustration of a parametric acoustic field.-As in any acoustic experiment, the transducer is usually of primary importance. Nonlinear acoustics requires intense radiation, which normally leads to a peak pulse power demand at the expense of a low duty cycle. Applications in air are further influenced by practical emphasis on 1) reasonable efficiency, 2) wide bandwidth, 3) good impedance coupling, and 4) low internal distortion.
The transducer used has a 5.7 cm diameter face consisting of 7 clamped plate resonators whose center frequency is displaced from that of the mass-loaded ceramic driver. The primary radiations are launched at the two resonances. f o r the sound pressure l e v e l o f t h e 1 kHz d i f f erence frequency radiation. I t can be seen t h a t the experimental spot size i s somewhat smaller than the predicted value. It i s also about 6 times smaller than t h a t which could be radiated l i n e a rl y from the same e f f e c t i v e aperture a t the same 1 kHz frequency. The attractiveness o f acoustic sensors l i e s i n the f a c t t h a t the acoustic cross section f o r turbu-6 lence i s some 10 times greater than t h a t f o r electromagnetic waves (6). I t i s predominantly the temperature d i f f e r e n t i a l s i n the t u r b u l e n t atmosphere t h a t influence the acoustic cross section. Atmospheric sounders can be deployed i n several configurations (6). Simple monostatic sounders are u s u a l l y mounted on a v e r t i c a l axis and are operated l i k e a depth sounding sonar t o probe the atmosphere on the basis o f echo amplitude. This configuration i s modeled by the echosonde equation (8) 5 T.G. MUI R and M. VESTRHEIM factor G arises from the transducer directivity.
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The acoustic cross section oois frequently appro- t h e source l e v e l + 12%, t h e d i u r n a l e f f e c t s do n o t appear s i g n i f i c a n t , e s p e c i a l l y since they can be accounted f o r . This may be more d i f f i c u l t i n 140 periods o f t r a n s i t i o n from calm t o v i o l e n t weather, o r f o r use o f t h e same a r r a y one day i n a r a i n E 120 -f o r e s t , the next on a desert.
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Perhaps a more serious concern i s t h e r e l a t i v e i n e f f i c i e n c y o f parametric arrays and t h e i r conse- Washungton D.C. by t h e National Oceanic and Atmospheric Administration, Wave Propagation Laboratory. 
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i m i t s t o a r b i t r a r y increases as
the primaries e v e n t u a l l y go i n t o shock which means harmonic generation, increased absorption, and eventual acoustic s a t u r a t i o n . A useful model f o r a l a r g e l y plane wave parametric a r r a y i n shock has been discussed i n reference 11, and r e s u l t s concerning the parametric source l e v e l f o r the present experiment are shown i n Fig. 5 . I t can be seen t h a t a1 though the slope o f the amplitude response curve changes from quadratic t o l i n e a r i n the shock region, t h e amplitude o f the d i f f e r e n c e frequency r a d i a t i o n continues t o increase w i t h increase i n primary power. This i s accompanied by an increase i n parametric beamwidth, (11) and simply means t h a t acoustic s a t u r a t i o n u l t i m a t e l y l i m i t s the a t t a i n a b l e source l e v e l s , a r r a y lengths, and beamwidths (12).
5. -Sel f-demodulation o f t r a n s i e n t s .The transmiss i o n of an intense cw pulse i s accompanied by the i n t e r a c t i o n o f i t s sideband components t o produce a d i r e c t i v e parametric t r a n s i e n t o f low frequency content. The o r i g i n a l model (13) The question a r i s e s as t o the existence and p o t e n t i a l u t i l i t y o f the self-demodulation t r a ns i e n t i n a i r . The a x i a l time domain data o f Fig. 6 T.G. MUIR and M. VESTRHEIM
C8-93
- Fig. 6 : Experimental demonstration o f the s e l fdemodulation e f f e c t i n a i r . Top t r a c e : primary pulse ; bottom t r a c e : self-demod u l a t i o n t r a n s i e n t . It can be seen t h a t a demodulated t r a n s i e n t was here obtained, i n reasonable consonance w i t h theory, d e s p i t e the low power l e v e l o f the present experiment. Systems producing hundreds o f watts o f r a d i a t e d pulse power should be expected t o generate f a i r l y strong self-demodulation t r a n s i e n t s i n the medium. T h e i r bandwidths can be made q u i t e large, w i t h frequency responses extending down t o t h e i n f r a s o n i c region. T h e i r d i r e c t i v i t y a t these f r equencies could be remarkably high. It i s suggested t h a t e x i s t i n g sounders be examined f o r t h i s e f f e c t .
Also o f p o t e n t i a l i n t e r e s t i s the a p p l i c a t i o n o f d i r e c t i v e parametric t r a n s i e n t s t o turbulence research. Use o f t h e parametric t r a n s i e n t would appear t o lead instantaneous wideband sensing through impulse response techniques. Other p o s s i b il i t i e s e x i s t .
6.-Conclusions. The nature o f parametric arrays i n the atmosphere has been examined w i t h theory and experiment. P r a c t i c a l a p p l i c a t i o n s have been suggested and considered from t h e f e a s i b i 1 i ty standp o i n t . I t was shown t h a t d i u r n a l v a r i a t i o n s i n temperature pose no g r e a t problems i n parametric a r r a y generation. The low e f f i c i e n c y and source l e v e l o f t h i s process i s n o n t r i v i a l . Applications r e q u i r i n g h i g h source l e v e l s should employ spheric a l l y d i v e r g i n g primaries t o circumvent t h e 1 i m i t i n g e f f e c t s of acoustic s a t u r a t i o n w i t h i n the i n t e r a ct i o n volume. The generation o f d i r e c t i v e , low requency t r a n s i e n t s through t h e s e l f -demodul a t i o n o f primary pulses was i d e n t i f i e d as a v i a b l e process f o r a i r acoustics w i t h possible i m p l i c a t i o n s f o r a p p l i c a t i o n s i n i n f r a s o n i c s and turbulence research. E x i s t i n g atmospheric sounders should be examined as sources o f parametric t r a n s i e n t s . 
